I. Introduction
According to recent statistics of World Health Organization (WHO), almost 17.3 million people die due to Coronary Artery Disease (CAD) every year which is 30.2% of all deaths. Today, health care systems deeply rely on medical information system by extracting knowledge of medical images with advances of digital image processing. Coronary artery disease leads to blockage inside the cardiac artery due to waxy material called plaque which results to heart attack. The objective of this research work is to identify the risk factors of heart attack or myocardial infarction at early stages in non-invasive manner for better surgical treatment. In this context, segmentation techniques with vessel filter have been applied on CT angiogram images to segment region of interest (ROI) such as coronary arterial branches and degree of stenosis or blockage inside the coronary artery. The proposed mathematical model describes the rate of change of blood flow through cardiac vessels by using Hagen Poiseuille [5] fluid equation and Wall Shear Stress method. This paper is further divided as follows: section (2) describes research methodology; section (3) covers computer simulation results and section (4) conclusion of the study.
II. Research Methodology
This work proposes the following successive steps for early prediction of heart attack: (i) Extraction of coronary arteries (ii) Detection of stenosis in segmented arteries (iii) Calculate cross sectional area of healthy and diseased cardiac arteries (iv) Designing a mathematical model for measuring rate of change of blood flow through healthy and diseased coronary vessels
Data Acquisition
The acquired datasets are real Cardiac Computed Tomography Angiography (CCTA) images in DICOM format taken from Dr. Balabhai Nanavati Hospital, Mumbai and Cardiac Life Center, Ludhiana. Experiments have been done on small batches of normal as well as patients' data of both males (age group 40 to 65 yrs) and females (age group 35to55 yrs).
Pre-Processing for Image Analysis 2.2.1 Image Enhancement & Pre-Segmentation
The aim of image enhancement technique is to improve image quality for better visual perception. In this study, median filter has been applied on gray label CCTA images followed by local threshold techniques with morphological operator as shown in " Fig (1-d) ".
Segmenting Coronary Arterial Branches
Segmentation of coronary arterial tree is a critical component in image processing because cardiac arteries are in tubular form thereby requiring computer systems. In this work, coronary arteries are taken as Region of Interest (ROI) and to extract the structure of coronary arteries from CCTA medical images, we have used Hassian Matrix based Frangi's vesselness filter as shown in " Fig(1-e) ".
Hassian matrix is the square matrix of second order partial derivative which describes local curvature of the image. For a given voxel of input image, the eigenvalue of Hessian matrix is oriented on the basis of vesselness filter [1, 8] .
H=
( 1) where I refers to the input image and refer to derivatives of the image. In our approach we have used vessel enhancement as a filtering process that searches for geometrical structure in a second order directional derivative [8] . Vessel structure is brighter than background and Eigen Values  calculate grey-label invariants by following dissimilarity measure ratios [1, 8] 
We can calculate vessel values of "second order structureness" by proposed vesselness function
where and c are threshold values to measure and S. The idea behind this calculation is to estimate vessel structure according to different criteria [8] . 
Coronary Stenosis Detection
Stenosis is a condition in which coronary arteries become narrow due to which blood flow is reduced inside the heart. To detect any abnormality in segmented arterial branches, Sobel Gradient Edge Operator with threshold value 76 and 80 has been applied for performing spatial gradient measurement and emphasizing regions of high spatial frequency that correspond to edges as shown in "Fig(2~3) ". At each point in the image, the resulting gradient magnitude is computed using the formula Gy Gx
An approximate value can be calculated using 
Calculate Cross Sectional Area by Ellipse Fitting Method
The next step is to calculate cross sectional area of segmented arteries for differentiating healthy and diseased cardiac vessels. We used Ellipse curve fitting method [9] 
Mathematical Modeling of Blood Flow
As per a clinical study, normal blood pressure is 120/80mmhg in males and 110/70 mmhg in females. If blood pressure is very high from the normal pressure then coronary heart disease (CHD) may arises. The next focus of this work is designing a mathematical model to quantify the rate of change of blood flow in segmented cardiac vessels for early prediction of heart attack which can take place in any age of both males and females.
Blood is a non-Newtonian fluid and to model such liquid motion equations becomes complicated so we have assumed that blood is incompressible Newtonian fluid. Coronary artery flow is strongly influenced by contraction and relaxation of ventricles and atria [3] . This study also follows the viscoelastic model of Skalak and Schmid-Schonbein where  is elasticity constant, a0 is reference radius and a(z,t) is radius of coronary artery. Coronary length is vary according to male and female and length changes is expressed by
where ) (t  is time dependent length, ) (t  is relative length change of adjacent heart muscles. Now, blood flow, non homogeneous non-Newtonian fluid, is dependent on vessel diameter and resistance in cardiovascular system as explained in Poiseuille's law
where  represents length of artery, µ represents blood viscosity and Q represents blood flow.
The relation between resistance and cardiac vessel diameter is inversely proportional as given below
The size of coronary arteries can be deformed due to considered cross sectional plane, and blood flow inside the artery's wall that produces stress [3] 
III. Results And Discussions
We have evaluated a mathematical model for cardiac blood flow system which includes patients as well as healthy human specific factors. Computerized simulations have been implemented on MATLAB 7.9(R2009B) software.
Clinical Study
This research has been done on small batches of healthy as well as diseased Left Coronary Artery (LCA) and Right Coronary Artery (RCA) angiogram images. Simulation of blood flow rate based on clinically approved parameters such as length and diameter of coronary branches, blood viscosity and its velocity. (a) (b) Fig 7: (a) ~ (b) Simulation of wall shear stress rate in 2 nd order polynomial (using MATLAB PDE tool) of healthy and diseased coronary arteries respectively (from Eqs. 14 ~ 15)
Cross Sectional Area Measurements and Degree of Stenosis Detection
Variations in the area of artery can be a symbol of stenosis or blockage. Degree of stenosis can be quantified as follows which results to measure risk factors of heart attack.
where AN is area of normal artery and AB is effective or diseased area of artery 
IV. Conclusions
This study has proposed a semi-automated approach for segmentation of coronary arteries as well as quantifies the degree of stenosis. Modeling of blood flow gives valuable results with observation that variations in cardiac vessels's diameter make vast changes in blood flow rate. Further, study needs improvement in area of computerized simulations for better findings
